SUMMARY Energy balance, nitrogen balance, and growth studies were done in 37 preterm infants (20 of very low birthweight) who were fed on expressed breast milk or on one of 3 formulae each of different composition, including a special premature formula and a highly adapted 'humanised' formula. The variability of breast milk composition was such that it would have been difficult to predict the infants' protein and energy intakes under normal nursing conditions. All measured parameters of nutritional performance were best in infants fed on the 'premature' formula and were reflected in greater weight gain, linear growth, and head growth. The nitrogen balance data suggest that the highly adapted formula, which had a protein content comparable with that of mature human milk, contained too little protein for small preterm infants.
Although much has been written and spoken about the feeding of preterm infants, there is no agreement on what is best. Current opinion probably favours breast milkl-4 but this is not supported by strong evidence that it is better than, or even as good as, specially adapted cows' milk formulae as a source of nutrients for the very immature. The arguments for using human milk are based on work on its immunological and anti-infective properties,5 6 on the prevention of necrotising enterocolitis,7 on the greater biological suitability of its proteins,2 on improved fat absorption,8 and on psychological and emotional factors. The available data do not make a convincing case because no long-term differences in outcome favouring breast milk have been demonstrated. Possibly even the reverse is true, if the preliminary finding9 can be confirmed, that the development of very small infants fed banked human breast milk is less satisfactory than that of similar infants fed a premature formula. In the short term there may be nutritional problems with human milk. Its composition is variable,10 11 and it may be deficient in energy, protein, minerals, and trace elements.12-16 Such deficiencies can on occasion limit growth and prevent the infant from thriving.9 14 The studies described here were designed to investigate energy and nitrogen balance, the aspects of nutrition most obviously connected with growth, in preterm infants fed with human milk and cows' milk-based formulae. The formulae selected were a modern low-solute adapted milk with a low protein content, a more traditional infant formula with higher protein content, and a special 'premature' formula. Patients and methods Infants. Details of the 37 infants studied are given in Table 1 . Gestation was confirmed by Dubowitz's method '7 if in doubt, but most had early ultrasound dating. All infants were well at the time that they were studied. None had significant malformations. Twenty were of very low birthweight (<1500 g). Twenty-one were small for gestational age, defined as having a birthweight <Oth centile for gestational age using Gairdner's charts.18 This reflects the practice of the obstetric unit, which acts as a referral centre for complicated pregnancies. In most cases the fetal growth retardation was the result of pre-eclampsia, essential hypertension, or placental abruption. Seven infants were studied more than once. To compare the different feeds, infants were matched for birthweight, gestation, and age at time of study (see page 901). Measurements Gestation (weeks) 32 33 33 31 Postnatal age (days) 20 18 24 13 Gestation (weeks) 32 32 31 32 Postnatal age (days) 17 13 15 25 Gestation (weeks) 32 32 30 31 Postnatal age (days) 17 17 20 25 Gestation (weeks) 33 32 34 Postnatal age (days)
Gestation (weeks) 32 32 Postnatal age (days) 32 27 Gestation (weeks) 35 35 Postnatal age (days) 1 1 13 Gestation (weeks) 34 24 Postnatal age (days) 34 27 Results Table 5 shows the results of intake, outputs, balances, and the growth measurements made during the study periods in the 4 groups of infants, and Table 6 gives the comparisons which reached statistical significance. There was no significant difference in the volumes of feed per kg given daily to the infants in each group, hence energy intake was higher in the gioup fed Pre-Aptamil than in the other groups, since Pre-Aptamil has a higher energy density.
There was rather poor fat absorption on Milumil but energy digestibility and retentions were similar in the infants on the other 3 feeds. Fat intake was not measured in the EBM group but it is worth noting that faecal fat was no lower in this group than in the others. Nitrogen intakes were fairly high on EBM, reflecting the higher N content of preterm mothers' milk.32 Nitrogen absorption from EBM was however no better than that of the other milks.
The milk with the highest N content (Pre-Aptamil) gave the best N absorption and retention. Absorption of N from Osterfeed was comparable with that of EBM and Milumil, but N retention was significantly lower on this formula despite lower urine N losses. Thus the N content of this formula may not be sufficient for small preterm infants. In all the growth measurements except one (subscapular skinfold thickness) infants showed greatest increments on Pre-Aptamil. This trend reached statistical significance in many of the comparisons ( Table 6 ). The improved nitrogen retention, linear growth, and head growth show that the infants were not simply depositing fat. Growth of infants on EBM was comparable with that of the group on Osterfeed. Blood urea was higher in infants on Pre-Aptamil and Milumil than on Osterfeed (P<0.05), but not EBM. There were no significant differences in electrolytes or acid-base status (Table 7) . If energy intake is low nitrogen retention is impaired because protein is used for energy. We could not show that improved energy balance resulted in greater N retention in our infants, indicating that at the time of the studies energy balance was not a limiting factor in the utilisation of protein for growth.
Comparison of feeds. Some specific points about the performance pf the feeds are worth making. Breast milk varied greatly in composition. This makes it difficult to monitor energy and protein intakes in clinical practice, and is a problem that we and others have raised before.9 10 The fairly high N content did not reflect an equivalently high content of utilisable protein, since urine N losses were nearly twice as great as in the infants fed Osterfeed, whose protein content approximates mature human milk, and the proportion of N retained was about the same (-47 %). It was notable also that energy digestibility was no better on human milk than on the formulae (with the exception of Milumil), and faecal fat excretion was similar. Although the digestibility of human milk fat is geneially considered to be better than that of formulae, the properties of human milk may not entirely overcome the physiological handicaps of the very immature in relation to fat absorption, and heating also impairs the digestion of human milk fat.26 It may also impair N absorption or biological value since recent work in very immature infants has shown better N retentions on unheated human milk than we found.33 Infants fed human milk in our studies tended to grow the slowest.
Milumil, a formula designed for term infants, was unsuitable for the preterm despite its higher protein content. N retention was good but fat digestion poor. This may be due to its high saturated fat content (53 5 %). A comparison with Osterfeed, also designed for term infants, is interesting. Fat absorption from Osterfeed was significantly better, but N absorption and retention were worse. Osterfeed has a 60:40 whey-casein ratio, compared with 20:80 in Milumil, and this whey-predominant protein, similar to human milk, is said to improve its digestibility.4 It does not appear to do so. The better fat absorption from Osterfeed is probably related to its high unsaturated fat content (61 %) and fairly low content of C16 and C18 in the cx positions on the triglyceride molecule. 35 The infants grew fastest on Pre-Aptamil. This formula, providing a modest increase in energy density and a higher protein content, gave the best results on all the measured nutritional parameters. The variability of these measures is such that it is difficult to show significant differences without large numbers. Nevertheless the main differences between Pre-Aptamil and the other milks appeared to be in protein rather than energy nutrition, and the increase in linear growth on this formula is worth comment. It is possible that other nutrients may have contributed to the increased growth, for example sodium, and we cannot be certain which were the most important factors. It is often stated that growth should not be considered the only (or even the main) criterion of feed performance, and it cannot be denied that survival is the first priority. However, with modern neonatal care the type of feeding has not been shown to influence survival. From a purely nutritional viewpoint good growth should be the main criterion of success, and there seems no reason not to aim for the best possible rate, at least until this has been shown to be undesirable. There is certainly no justification in using intrauterine growth rate as the standard to aim for, since postnatal growth is qualitatively quite different.36 Neither is there any justification for saying that the slower growth of preterm infants on EBM is more desirable than the faster growth of infants on specially adapted formulae. If such growth were principally in fatness, and fat accretion rates may certainly be higher,37 there would be legitimate concern about later obesity, but there is no evidence that formula-fed preterm infants become unduly fat later,38 and our data show that linear measurements and head growth are improved with the use of a suitable formula.
We believe that it is reasonable to aim for maximum growth in preterm infants, since this is likely to be limited only by genetic potential so long as the necessary substrates are provided. It may be easier to achieve this on a formula than on breast milk. Atkinson 
